
ROANOKE
COUNTY
GROUND\qATER
PR ESENT CONDITIONS

AND PROSPECTS

by

N. K. Breeding, Jr.

and

J. W. Dawson

WEST.CENTRAL REGIONAL OFFICE

COMMONWEALTH OF VI RGINIA

STATE WATER CONTROL BOARD

BUREAU OF WATER CONTROL MANAGEMENI

Richmond, Virginia

Planning Bulletin 301

July 1976



z
(9
E

=
=
ts
J
6

a

E
I.IJ

3
Hz
:)
o
TE
o

z

&,
lr/
a
E
l()

o
Bt

z

*g6Eg
s E=
:. aF

i;H

ffiffin

o
.g

E
!e'qg
9-o Ec99 E
€.: f-x s
Lid o
.9o E
'EF O

F5E
3E E
ilrc !t .- eblg
Eg g

g
D
s
(g

IE

i
{rt

o
o
U
o
.9
=
oa(t
oE
Gl)

r-;?
P-'-. {
t^ -- .l
F.. t|...1
l.' .'{

Virginia State Water Control Board - BWCM



ROANOKE COUNTY GROUNDWATER

Present Conditions and Prospects

by
N. K. Breeding, Jr.

J . l^J. Dawson
I^IEST-CENTRAL REGI0NAL OFFICE

VIRGINIA STATE I,IATER CONTROL BOARD

BUREAU OF lnATER CONTROL I.IANAGEMENT

. Richmond, Virginia

Pl anni ng Bu1 I eti n 30.l
July 1976

$





FORENORD

This report is part of a series intended to cover the entire

State, ancl to provide private c'itizens, groundwater users, developers,

jnvestors, wel I dli 1 1 ing contractors, consul tants and professional s,

and government officia'ls wjth as complete a picture as possible of

the groundwater sjtuation, jncluding prospects, as jt exjsts in each

of the counties of Virginia.

0n the basis of this report, prospective groundwater users and

anyone else jnterested jn the development and protect'ion of that

invaluable resource that'is groundwater can make up their mind and

call a consulting hydrogeologist to handle the'ir specific groundwater

prob'lem, while the State Water Control Board remains at the

publ ic's service for generai inforr,ration and governnental act'ion.
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ROANOKE COUNTY GROUNDI,IATER

Present Cond'iti ons and Prospects

ABSTMCT

Roanoke County is situated in a rnountajnous area that has undergone

numerous geologic processes whjch have resulted in complex geologic

condit.ions. Intensively folded and faulted sedimentary rocks comprised

mainly of shale, sandstone and limestone, antl igneous anrl metamorphic rocks

underlie the county. In addit'ion to va'luable water-bearing alluvium of

stream va] 'l eys , three aqui fer systems have been i denti f i ed , whi ch prov'ide

about 10 milljon gallons per day of groundwater for public and jndustrial

use. These aquifer systems have the potentiai to supply three t'imes

as much groundwater.

The pre-Cambrian-Cambrian Aquifer System extends throughout the south-

ern and eastern portion of the County. It has fair to good water-bearing

characteristics, with local areas of high y'ields. Groundwater quality

i s general ]y excel 
'l ent. Thi s aqui fer suppl j es about 18 percent of pubi i c

and industrial groundwater needs'in the County, but its potential has

barely been taPPed.

The Cambrian-0rdov'ic'ian Aquifer System occurs throughout the County

and forms the major va]1ey areas. Thjs aqujfer has good to excellent

water-bearing properties. The quality of groundwater within this aquifer

is generaliy excellent, but it may be moderately hard in isolated areas'

About 80 percent of Roanoke County groundwater needs are met through this

aquifer system. The potential for future development is excellent'

part'icul ari 1y for i ndustri al purposes '

The Mississippian-Devonian-sjlurian Aquifer system underlies the

western portion of the County' li'lells in this system have poor to fa'ir



yields, depending on their topographic locatjon. Groundwater quality

is generally poor to fair, with excessive jron and suiphur common.

About two percent of the County groundwater needs are presently met with

th'is aquifer. The potential for future development for public and

industrial supplies is generally poor.

Man's activities can have severe and long-iasting effects on the

qua'lity of groundwater, and it must be recognized that groundwater is

a delicate resource that requires adequate conservation and management

'if it'is to fulfill its role in meeting the demands of the future.

Prevention is the key to majntaining groundwater quality because once

contam'inated jt is difficu'lt, jf not impossible, to restore'it due

to the lim'itations of technology and the cost 'involved.



CHAPTTR I

I NTRODUCT ION

General Settinq

Roanoke County, encompassing approximately 277 square miles, is

located in west central Virginia (P1ate 1), rural jn nature, with

agriculture and livestock production accounting for most of the land

use in the County.

The c'it'ies of Roanoke and Salem, and the town of V'inton compr"ise the

major urban area of the County, all of which are s'ituated'in the Roanoke

Va11ey. According to the D'ivision of State Planning and Communjty Affairs'

the total population of the County in January L976 was 67,000, while

Roanoke, salem and vinton llad populations of 105,000, 22'000 and 7'400

respectiveiy. Growth jn the County has been centered in the Roanoke

Va11ey and the populat'ion of the Roanoke Metropoi'itan Area has'increased

from 158,803'in i960 to jts present level of 201,400 and is expected

to increase to 207,700 by 1980,236,200 by 1990 and 264'700 by the year

2000.

!,later needs are primarily being served by surface water from the

Roanoke Rjver and the Carvins Cove Reservojr, with groundwater supplying

about 33 percent of the total water demand. However, as water demands

by individuals, municipalities and'industries jncrease, groundwater should

be viewed as an attractive resource because of its high quality and good

ava'i I abi I 'ity as wel 1 as j ts cost eff j ci ency.

Current information jndicates that about 10.5 million gallons per day

(MGD) of groundwater is used in the County, while jnformation on completed

wells jnd.icates that approximately 30 MGB of groundwater could be obtained

from present wells, if so desired.



Purpose and Scope

The purpose of this report is to consolidate available information

on groundwater jn Roanoke County, to prov'ide 'indiv'idual s, industries,

and munic'ipalities with a picture of the groundwater resources in the

County, and to describe how these resources may be developed to meet

the present and future needs of the County. Although directed towards

the laymen, this report is also'intended to provide a background for

more professional 1y oriented readers.

Methods of Investigation

Most of the general .background and geoJogic information appearing in

this report is a sunmary of previous work. Some of the information 0n

water well construction and groundwater quality has been obta'ined from

other State Agencies, although the bulk of it has been collected by the

State Water Control Board.

Much of the previous'ly unpubljshed informatjon on individual well

construction data and quality analyses has been collected as a result

of the Groundwater Act of 1973. This Act requ"ires that drilling

contractors submit a Water lrlell Completion R€port (From Glll-z) for all

wells drilled, and that owners of industrial and public water suppfies

submit quarterly reports (Form GW-6, Groundwater Pumpage and Use)

detailing groundwater withdrawal. in addit'ion, the Board requires that

drillers submit drill cutt'ing samp'les collected at ten-foot intervals

on al1 public and industriai supply water wells and those wells which are

drjlled to unusual depths or are located'in areas deemed deficient in

geol ogi c 'inf ormati on .
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A concentrated effort has been made over the past year to gather

'informat'ion relating to groundwater qual'ity trends in Roanoke County. In

addition to specific sampiing areas, groundwater quality informatjon is

obtajned from regu'lar monthly sanrpling runs made by the Board's West

Central Regionai Office. Domestic suppljes are generally sampled although

sorne smal I 'industrial and commercial suppl ies are checked occas'iona11y.

Another source of quality information is the Pollut'ion Response

Program (PReP), maintained by the Board for the sole purpose of responding

to cjtizen reports of water pollution of any type. This includes pollut'ion

of both groundwater and surface water by accidental orintent'ional spil'ls

of hazardous chemica'ls, ojl, gasol ine, refuse and 'industrial wastes.

Al I wel I informat'ion, wel I comp'letion reports and records of ground-

water quality analyses cited in thjs report are on permanent file at the

Board's Headquarters 0ffice jn Richmond and the fiest Central Regional

Office 'in Roanoke. These data are computerized for storage and retrieval,

and were used to compile Appendjces A and B.

Prev'ious Investiqations

Several geologic investigations have been made of the Roanoke area,

which'include part or all of the count'ies of Roanoke, Botetourt, Bedford,

Craig and Montgomery. The earliest geologicaf investigations for iron

and manganese ore along the foot of the Blue Ridge l'lountains were by

bJatson (.l907), Harder (.]908, .|909) 
and by Stose, et. al. (.l9.I9). Later

l^/oodward (.|932) and Butts (1933) presented the results of two geoiogicai

invest'igations that encompass naps delineating various geologicai units.

More specjfic and recent reports of the geology of the area have been

conducted by Butts (,|940), Andrews ('1952), Dennison (.l956), Chen (.|959),



Hergenroder (.|966) and |.Jalker ('1966). Recently, Amato (1974) did detajled

geo'logic mapping of the Salem Quadrangle at a scale of l:24,000.

Groundwater characteristics of the area were surnrnarized by Latta (.l956)

andincluded a compilat'ion of water well data. The most recent work, by

|,Jaller, (unpublished Ph.D. d'issertation, and State tlater Control Board

report, 1g76) is a comprehensive study of the water resources of the Upper

Roanoke River Basin, emphas'izing aquifers and groundwater in Roanoke

County and part of Botetourt, Floyd and mainly ftlontgomery Count'ies.

t,later llel I Numberj ng System

The State Hater Control Board's Bureau of Water Control l4anagement

maintains water well information such as well depth, size and yield, and

other pertinent data in a computerized system at the Board's Richmond

headquarters; also, information on water quality and water level changes

is computer-ma'intained at R'ichmond by the Board's Bureau of Surveillance

and Field Studies. Retrieval of this 'information for specific wells is

possible by the water well numbering system.

This system comprises two numbers: the first one'is a county identity

number (Roanoke County js .l80), 
and the second number is a sequential l'ist-

ing of wells in the county. For example, well number 180-349 refers to

a specific well ln Roanoke County. At the time of this report, over 400

wells are listed in the fjle for this. County, although it is estimated

that the total number of wells in the County 'is substant'ially higher.
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CHAPTER I i

PHYSICAL SETTING

Phys i ograph.y

Roanoke County lies withjn the Blue Ridge and the Valley and Ridge

Physiographic Provinces. Local ly, the physiographic units jnclude the

(1) Blue Ridge Mounta'ins along the southeastern portions of the County;

(2) Fort Lewis-Brushy Mounta'in-Catawba Valiey Complex of the Valley and

Ridge Phys'iographic Prov'ince in the northwestern area of the County;

and (3) Roanoke Valley which is broad and flat and comprises the central

and northeastern portions of the County.

The major topographic features of the County exhib'it approximately

3,000 feet of relief between the summjt of Poor Mounta'in (3,381 feet)

and the Roanoke River where it exits the County (800 feet) nearits

confluence with Back Creek (Plate 2). The southeastern portion of the

County is characterized by forested mountains intersected by narrow,

steep-sided ravines and va11eys. However, the topography of the north-

western area of the County is markedly different, characterized by the

1ong, narrow, parallel, northeast-trending valleys and mountain ridges

of the va11ey and Ridge Physiographic Prov'ince. In general , the mounta"ins

in this part of the County are rugged, heavily forested, with numerous

small streams djssecting them.

Hydrol pgy

Most of the County lies w'ithin the Roanoke River Basin; however'

the area of the county drained by catawba creek l'ies with'in the James

River Basin with the gap between Crawford Ridge and Sandstone Ridge in

the northwest part of the County demarking this dr'ajnage divide' Carvins

11tl
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Creek is impounded to form the largest reservoir with a storage capacity

of 6,500 million gailons, and furnishes the major port'ion of potable

water to the city of Roanoke and the town of V'inton. Carvins Cove

Reservoir is augmented during tjmes of high flow through jnter-bas'in

transfer from the James R'iver Basin.

Several stream fiow gauging stations are maintajned throughout Roanoke

and adjacent counties. The data from these are published annually by the

U.S. Geological Survey in "Water Resources Data for Virginia!'. The

extremes of discharge values for the water year of 1974 are shown below:

TABLE 1

EXTREI4ES VALUES

Stati on

FOR DISCHARGT IN CUBIC

Flood of Record

FEET PER SECOND

Year 1974
Maximum Minimum

Roanoke River-
Lafayette

Roanoke River at
Roanoke

Tinker Creek
near Dalevil le

Roanoke River
at Niagara

3,860 ft3ls

4,740 ft3/s

3,580 ft:/s

5,980 ftals

51 ft3ls

58 ft3ls

2.8 f t3 /s

11 ft3ls

Cl imate and Precipitation

A relatively mild climate characterizes Roanoke County, hot and hum'id

in summer; cool and rainy in winter, wjth some snow. The average annual

temperature is about 55odegrees Fahrenheit; the hottest month is July with

an average temperature of 75oF, and January is the coldest month with an

average temperature of 360F. Precipitat'ion during the warm months (April-

September) averages about 23 'inches whi'le the fall and winter months

24,500 ft3/i (1972)

25,300 ft3/s (1972)

4,000 ftz/s (1972)

28,800 ft3ls (197?)

t<



experjence about 16 jnches (some of it snow, but predominately rajn),

with an average yeariy precipitation of about 40 inches.

Soils and Vegetation

Soils and vegetation influence groundwater conditions and so'ils are

highly'dependent on geology. The underlying geo'logy has a signif icant

effect on the properties of soils developed over them, and'in view of

this, a generalized discussion of soil cond'itions is presented below.

For example, a so'il developed on limestone will have a higher clay

content than one developed on sandstone. Seventeen major soi'l assocjations

are recognized'in Roanoke County; however, for simplicity they are con-

solidated in four major types of soilsi

Blue Rjdge Complex. These soils tend to be deep, wel1-drained and

permeabl e , 'located on sl opi ng to steep rel i ef of the mounta'ins . Some

shallow, poorly-drained soils are present in the valieys, but their

extent js not great. These soils have a large impact on the amount of

water allowed to 'infiltrate into the groundwater regime. Due to their

deep nature they act as a sponge, allowing water to continue percolating

downward to replenish the groundwater.

Limestone and Dolomite. These so'ils are mostly deep, moderately well-

drajned, gently sioping and moderately permeable. Due to the karst

nature of the limestone terrain, these soils have a major impact on the

groundwater by directing recharge to sinkholes with minjmal infiltrat'ion

through the so'il .

Alluvial Sediment (Flood Plain and Terrace Depos'its). Soils of this

type are well to poorly-drained with moderate to poor permeability on

gently sloping to nearly level stream terraces. These deposits can store



large volumes of water to replenish the groundwater regime.

Sandstone and Shale. These soils are mostly shallow to moderately

deep, well-dra'ined, having moderately high permeability on moderately

sloping relief. Soils in th'is group have little impact on infiltration.

Abundant vegetation is ev'ident in Roanoke County and is a result of

the relatively mild climate and sufficient precipitation. Large stands

of deciduous and evergreen rrees cover the mountain slopes, with valley

areas primarily having grass and agriculture crops present. Heavy veget-

ative cover inhjbits surface run-off and subsequently, permits greater

amounts of water to seep into the subsurface and replen'ish the groundwater

resource. 0n the other hand, areas with little vegetative cover (e.g.grass)

or cleared areas have higher surface run-off figures and,

less water enters the groundwater regime. As large areas

are cleared and run-off coefficients increase, a decrease

recharge and a decline jn the water tab'le may result.

AS

in

a resul t,
forest I and

groundwater

1F





CHAPTTR I I I

HYDROGEOLOGY

I ntroduct"ion

There is a strong reiationsh'ip between the geology and the occurrence,

movement and quality of groundwater. Geologic jnformatjon 'is a requisite

to understandjng the hydrogeology of Roanoke County or any area. Many

factors contro'l groundwater condit'ions, the most important being the

ljthology (types of rocks) and the geologic structure (totas, faults).

The ability of different types of rocks to absorb, store and transmit

water varies greatly according to their nature. Further, structural

deformation undergone by these rocks may either foster orimpa'ir ground-

water conditions. Rocks wh'ich act as a reservoir and allow water to move

are termed as aquifers, wh'ile those which are not porous and permeab'le

enough to yield water are aquicludes. A general'ized diagram of aquifers

and the hydrologic cycle, the circulation of water on and below the land

surface is shown on Plate 3. Groundwateris constantly moving over

extensive distances from areas of recharge to areas of djscharge (springs,

streams, wells, etc.), but movement is very slow compared with surface

water velocjties. As water moves underground, it acquires a chem'ical and

phys'ical qua'lity which depends on the type of rocks in which'it circulates.

For jnstance, carbonates generally are associated with hard water; sand,

gravel, sandstone, and'igneous and metamorphic rocks with low content in

dissolved sol ids water, and c'layey formations with highly mineral'ized

water. The overal'l movement of groundwater jn Roanoke County is shown on

Pl ate 2 . l,lovement 'i s cl osel y control I ed by topography and geol ogy '

The three major rock types (igneous, metamorphic and sedimentary)

are present in Roanoke County. Igneous and metamorphic rocks have similar

17
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water-bearing properties and make up about 25 percent of the county.

The porosity and permeabi'lity values are near zero in unweathered

graniteS, gneisses and many other crystalline rocks' However' once

geologic processes alter the rocks over long periods of tjme, there

'is room for water to occurin fractures.' faults, along contacts between

the roct< types, io'ints and other small openings. Fractures usualiy

become smaller and fewer with depth. some of the metamorphic rocks such

as phyl'lite, slate and schist may conta'in water along the cleavage planes.

Sedimentary rocks form about 75 percent of the rock underlying the

county. water occurs 'in vojds, bedding planes' fractures and solutjon

channels. L'imestone and dolomite have highly errat'ic water-bearing

properties. Porosity is frequently moderate or low, but where iojnts

have been enlarged'into solutjon channnels by the dissolv'ing action of

water, large volumes of water may be transmitted and stored' Sandstone

conta'ins water in pore Spaces whjch are dependent on sorting, grain size'

shape, packing, and the degree of cementation. Sandstone cemented with

soluble calcite or clay minerals may break down easily and develop high

permeability. Some calcareous sandstone formations are excellent aquifers;

a sandstone cemented wi th s'i1 ica may have practi cal 1y no permeabi'l i ty

unless fractured. Shale has a high porosity, but the permeability is 1ow

so that extraction of water from pore spaces is difficult, 'if not imposs'ible.

Small quantit"ies of water may, holvever, be trapped in and extracted from

joints, bedding planes and shaley partings. Clay has hydrologic propert'ies

sim'ilar to and rather worse than those of shale and is impermeable o 'i .€.

incapable of supp'lying water to wells. Unconsolidated sand and gravel are

highly porous and permeable, and constitute good aquifers.
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Geologic Setting

Roanoke County is uniquely located along what js termed as the "hinge

point" between the northern and southern Appalachians. Consequentiy,

the area is very complex, folding and faulting being of major importance

in the Va1]ey and Ridge portion of the County (Plate 4).

The anti cl i nes and syncl i nes resu'l ti ng f rom fol d'ing are si gni f i cant

with respect to groundwater; for example' water col'lected in valleys

eroded'into anticlines js channeled into the limbs and troughs of the

adjoining syncline where it may be under appreciable artes'ian head (Plate 5).

Wel'ls may'intercept such water at considerable depths, t^ritlr water flot4inq

at the surface under artesian cond'it'ions (Plate 6). Faults are breaks

in the earth's surface along whjch there has been displacement of rock

masses relative to one another. In the Va11ey and Ridge portion of the

County, mass'ive amounts of older rocks have been thrust northwestward

over younger rocks. Th'is thrust faulting has created extens'ive zones

of rock breakage and open'ings in the area of the fault zones and solution

actjon of groundwater further enlarges these openings resulting in favorable

conditjons for groundwater occurrence, espec'ia11y in the fjrst 200 to 400

feet below the land surface. The major faults that have an appreciable

positive effect on the groundwater conditions in the County are shown on

Pl ate 4.

Geoloqic Formations and Groundwater Occurrence

General geology and groundwater conditions jntroduced above are deta'iled

below in the discuss'ion of groundwater in Roanoke county.

The nomenclature in thjs report js consistent w'ith that in Report of

Investigations 37, for the Sa1em Quadrangle by Rover V. Amato (L974)'

published by the V'irgin'ia Division of Mineral Resources, and in the Geolog'ic
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Map of Virginia at scale 1:500,000 (1963). Symbols for the formations

appear in parenthesjs after each formation. The locations of the

rock formations and their water-bearing properties are shown on Plate 7,

while Plate 8 represents three generalized cross-sections of the hydro-

geology of the County, with cross section lines indicated on Plate 7.

These geologic formations and related groundwater conditions are sumrnarized

in Table 2,

Pre-Cambrian and Cambrian (greater than 600 million years old)

The Blue Ridge Complex (p6v). This complex is composed of various

igneous and metamorph'ic rocks of Precambrian age which form the core of

the Blue Ridge Mountains. These rocks, mainly green'ish-gray granite,

form the Bent Mountain and Lost Mountain area of the County. Good

exposures can be seen in the deeper stream beds along State Route 694

in the vicinity of Twelve 0'Clock Knob. The avajlability of groundwater

in this formation is fair to good but varies greatly. Systematic locatjon

of wells 'is necessary to ensure a good yield and reliable source.

The Chilhow'ie Group (6ch). One of the best ridge markers in the area

is the Chilhowie Group. Rocks of this group form the tops of Poor, Roanoke,

Mill, Long Ridge, and Fisher View Mountains. They cons'ist predominately

of slightly metamorphosed cong'lomeratic quartzite, sandstone and shale,

and const'itute a poor aquifer.

Cambrian (500-600 miIIion years)

The Shady Dolomite (65) This grouping is exposed iust south of

Roanoke in the vic'in'ity of the Rockydale Quarry. It js a massive,

coarse-grained dolomite with interbedded shale and ciay. There are very

few outcrops'in the area due to its thick soil cover. The availability



DIAGRAMMATIC SKETCH OF GROUNDWATER OCCURRENCE IN LIMESTONE

Water wells in a region of folded limestone rocks. Dark areas indicate
zones with solution openings. Well A is successful but pumping lift is

excessive. Well B has a low yield. Well C is successful and has only
a small pumping lift. Well D has been developed in alluvium.

Source: Davis and DeWiest. '1966 PLATE NO.5

NEWLY DRILLED ARTESIAN WELL IN ROANOKE COUNTY

Source Virginia State Water Control Board - WCRO PLATE NO. 6
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of groundwater jn this formation is excellent, with high yjelds fre-

quently encountered.

The Rome Formation (€r) This format'ion underlies a large port'ion of

the Valley along the western portion of the Blue Ridge. The Rome js

composed of red, green and purple shale which weather to a yeliowish-

gray co1or, and interbedded ljmestone, dolomite and sandstone. Dark

red shale js the characteristic rock, but only make up about a thjrd

of the exposed formation. The high carbonate content of this formation

is responsible for its excellent water-bearing properties in the County.

The Elbrook Formation (6e). Th'is formation is composed of thin-to-

medium bedded dolomjte, with some l'imestone and shale. It occupies a

belt west of the Rome Formation, with another outcrop area in the

catawba valiey on the hang'ing wall of the Pulaski fault. The ground-

water availability and reljabi'lity is excellent with high yields

frequently encountered.

Ordovician (425-500 million years)

The Knox Group (06K) This group consjsts of the Copper Ridge Dolomite,

the ehepultepec Limestone, and the Beckmantown Formation. The Copper

Ridge is composed of limestone and dolomite with chert (flint) and some beds

of sandstone. The Chepu'ltepec consists of about .l50 feet of most'ly fine-

grained limestone and small amounts of dolomite. The Beckmantown

formation is chiefly dolomite with lesser

stone and 'is very cherty. The Knox Group

northern portion of the County in a smal'l

amounts of interbedded lime-

outcrops primarily in the

belt along the western edge

of the Catawba Vailey. It has excellent water-bearing properties with

high yields often encountered.
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The Ed'inburg Formatjon (0e) Thjs formatjon is exposed jn three

main belts: a portion of the catawba va11ey, Green Ridge and L.itile
Brushy Mountain areas. It is composed of thick sequences of shale and

thin-bedded ljmestone. The water-bearing properties of this formation

are fair to good. Accurate well locat'ions are necessary to obtajn good

rel iable yields.

The Bays Formation (0b) This formation is located in the Read-Coyner

Mountain area ancl in the southern portions of the County. It is composed

of red sandstone with a few shale and coarse-grained, conglomeratic

sandstone. The formation has fair water-bearing properties. very fer^r

wells are drilled in this formation.

The Martinsburg Formation (Omb) Thjs formation is exposed in the

northern half of the study area. It consists of olive-gray shale with

thin-bedded limestone and siltstone. The water-bearing properties of

this formation are fair to good; however, incidence of excessive sulfate-
bearing water is frequently found.

The Tuscarora, Rose Hill, and Keefer sandstones are treated as

in this report. They form most of the crests of the ridges in the

portion of the County. Catawba, paris, Little Brushy, Tinker, and

Mountains and Green Ridge are some examples w'ithin the county where

these sandstones are exposed. Very few wells are drilled jn this formation,

due to its location. The water-bearing properties are expected to be

fair to good, but the wells are to be carefully located.

Devonian systenr (345-405 miilion years) (Dtmu) (Db) (Dch)

The Devonian rocks outcrop jn the catawba sync'line forming the

one

wes tern

Read
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majority of the mountains jn the western portion of the County; these

include Fort Lewis Mounta'in, Brushy Mountajn and Green Ridge. These

rocks are composed majnly of shale and sandstone with lesser amounts of

l'imestone. This formation has poor water-bearing characterjst'ics and

some quality problems with reference to sulphur.

Mississippian System (3.l0-405 million years) (f'fp)

The Price Format'ion 'is a succession of shale, sandstone and

conglomerate. Much of the upper part of the formation has been removed

by erosion. These rocks occur in the center of the Catawba Syncline

and form caps of Fort Lewis and Brushy Mountajns. Very few wells are

located in this formation because of its iocation, but it is expected

that water-bearing properties would be poor.

0uaternarv Unconsolidated Deposits (Present - 3 million years) (Q+)

Unconsolidated depos'its of Quaternary Age overlie the bedrock

geology 'in Roanoke County. There are three main types in Roanoke

County: Colluvium, high-1evel Terrace Deposits, and present-day

Alluviurn. The Colluvium is primarily composed of blocks of Chilhowie

quartzite and/or Silurian-Devon'ian-Miss'issi.ppian sandstone in a matnix

of sand and c1ay. It occurs on the steep slopes below these format'ions

and in some cases is probably sti'11 creeping down s1ope. The alluvium

Terrace Deposits are found at the relat'ively h'igher elevat'ions along

the Roanoke River and represent flood plain and channel deposits from

prev'ious valley f'loors. Present-day Alluvium (sand, silt, gravei ) js

presently being deposited along the Roanoke River and some of its larger

tributaries. The Alluviurn Deposits have excellent water-bearing



characteristics. Poor water-bearing properties result in the Colluvium

and Terrace Deposits.

Aqui fer S.ystems

Since many of the geolog'iq formatjons have similar hydrologic

characterist'ics, the formations described above are grouped into aqu'ifer

systems. Some aquifers in the systems are very local in nature lvhile

others extend over large areas. Three aquifer systems were defined in

Roanoke County by I'la1'ler {1976; Tabl e 2). These same systems are adopted

in this report and their area'l distributjon is shown in Plate 9, while

Plate 7 shows the occurrence of their geological components.

The Pre-Cambrian-Cambrjan Aquifer System (P€0-AS) This aquifer

system'is composed of metamorphic and clastic rocks from the Blue Ridge

Comp'lex and Chilhowie Group; it occurs along the southern and extreme

eastern parts of the County. f.Jater is stored and transmjtted in joints,

fractures, fault zones, and contacts between different rock types; the

quantities of water in the aquifer system varies widely. The iarger

quantities of waten are found in areas where the rocks are'intensely

deformed and fractured, and which lr'e'in the lower topographic areas.

Recharge to thjs aquifer systern js local jn nature and is

accomplished by water percolating s1ow1y through the soil jnto the

openings in the rock, with more recharge taking place in the lower

topograph'ic areas. A surface stream crossing a highly jo'inted.or fractured

rock strata may lose water to the groundwater regime. The major recharge

areas are outlined on Plate l0 and interpretation of this piate suggests

that the western edge of the Pre-Cambrian-Cambrian Aquifer System (PGG-AS)

is the only major area of recharge for that system. This large recharge
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area conforms to the Blue Rjdge Fault Zone (Plate 4).

The Cambrian-0rdovician Aquifer Slstem (€0-Al) This aqu'ifer system

is primarily composed of limestone and dolomite and conta'ins the rocks

of the Shady Dolomite, Rome and Elbrook Formations, and of the Knox

group, and Middle 0rdovician l'imestones. it forms the major valley areas

of Roanoke County.

Recharge to the Cambrian-Ordovician aquifer system is dependent on

topography, sojl characteristjcs, and permeabif ity of the aquifer and

ihe clegree of development of vert'ical fractures in the rock (especially

those near the surface). Major recharge zones are shown on Plate .|0.

Burdon and Papakis (.|963) classified infjltration in karst areas (a

terrain generally underiain by limestone, in which topography 'is chiefly

formed by the dissolution of rock and is commonly characterized by

s'inkholes and caves, as is the €0-AS in Roanoke County) as d'iffuse

(directly into the ground with l'ittle overland flow) or concentrated

(capture or djvers'ion of surface streams). The Cambrian-0rdovician

Aquifer System is a karst aquifer and receives both types of recharge;

however, the majority of recharge in this system is accomplished by

diffuse 'infiltratjon and is largely dependent on the topography. As the

karst land surface becomes more developed (a1ong with the increasing

development of the permeability of the aquifer) surface runoff becomes

less and less important and djffuse'infiltration becomes'increasingly

significant. The sinkholes serve to funnel precipitation into the ground.

There are very few surface streams of any size that are captured and

diverted underground 'in Roanoke County. However, most of the streams

which orig'inate on the higher ridges do lose some flow to the groundwater

as they meander their way across this system, serving as a source of

groundwater recharge.
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The movement and storage of groundwater in this aquifer system

is highly variable. Groundwater is transniitted and stored in enlarged

solution channels and can be thought of as a series of interconnected

conduits. The greatest concentration of pipes or openings can usually

be accurately predjcted by study of the structura'l geology of the area,

and'large vo'lumes of water can be stored and transmitted in these highly

solutionized zones. The nature of the aquifer system'is such that jt is

hard, w'ith present data, to put a definjte figure on the storage capacity;

however,'large volumes of groundwater have been developed and it js

assumed that larger quantit'ies could be obtained jf the area is stud'ied

in deta'il.

The Mississ'ippian-Devolian-Silurian Aquifer S.vstem (MDS-AS) Th'is

System consists of shale and sandstone. It occurs as a northeast-trending

body of rock in western Roanoke County and is also present as smaller

rock bodies northeast of Roanoke City.

Recharge to this system is accompljshed as water percolates through

the sojl cover and enters openings in the underlying rock. The openings

are in the form of small jo'ints, fractures, bedd'ing planes' and fault

zones. Recharge is local in nature, that'is, the water withdrawn or

discharged by a spring probably entered the groundwater regime within

a two square mile area.

Most of this system'is composed of shale and siltstone. Shale is

highly porous, that js, it can store large quantities of water; however,

the permeability (the ability of the water to move or be transmitted)

is very low, unless the shale js highly fractured and consequently'

extraction of the water is difficult. In fact, some of this shale in
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Roanoke County forms a barrier to the movement of water. However,

when groundwater inventory is taken for a particular area, this system

shou'ld not be written off, because the shale feeds a certain amount of

water to underly'ing rocks (sandstone, limestone) and adjacent aqu'ifer

systems.

The Quaternary The Quaternary unconsolidated deposits which form

the flood plains and much of the lower slopes of the mountains in this

area, were not included as an aquifer system because these deposits are

generally too thin and limited in extent to be a major water-bearoing

unit, usually less than 50 feet thick. However, they are an.excellent

aqu'iferin the flood p'lains but a med'iocre one in terraces and mountain

s'lopes. 0n the other hand, the presence of these deposits on top of

an aquifer system contributes significantly to the groundwater potentiality

of the underlying system by temporarily storing large quantities of water,

thus al'lowing a continuous slow recharge to this system.
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CHAPTER IV

GROUNDWATER QUALITY

Introducti on

Both groundwater and surface water have a variety of djssolved

chemical constituents present which affect their overall quality and

usefulness. Normally, surface water haS a greater variety and higher

concentration of dissolved constituents because many factors can

affect its quaiity, whi'le groundwater quality is usually dependent

upon the soil and rock in which the water occurs. Man's activ'ities have

a significant and inrnediate"impact upon surface water quality but, in

most cases, the impact on groundwater quality is not as immediate,

although the effect may be much more severe jn the long run.

Gelg.l"al Groundwater Qqal i ty

As mentjoned above, the natural dissolved chemical const'ituents

in groundwater are primariiy derived from the soil and rock in which

the water occurs and, subsequently, these constituents and their

concentratiorrs w'ill vary from one area to another dependent upon the

geology of these areas. Generai'ly speaking, groundwater is colorless,

cjean and has a constant temperature equivalent to the average yearly

temperature of the area where jt occurs (jn Roanoke County, about 56oF.)

Numerous properties can be determined by detailed water ana'lysis

techniques, however, eight parameters are usually sufficient fot' the

overall assessment of the groundwater quality in any county. Results

of these analyses are usually expressed'in the metric we'ight system as

e'ither parts per milljon (ppm) or milligrams per liter (mg/l). Although

not precisely equivalent, these terms are used jnterchangeably in

describing water quality analyses. A water quality analys'is that exh'ibits
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an jron (Fe) concentration of 1 ppm,'indicates that the water has one

unjt weight of iron for every mjllion unjt weights of water; thus

this water would conta'in one pound of iron for every million pounds

of water. Th1s same relationship holds true 'if the analysis is expressed

in mi'lligrams per liter (mg/l) since one m'illion milligrams are'in a'liter.

The Virg.inia State Department of Health (Watervorks Regulations, 1974),

has delineated public drinking water standards. The Iist 'is comprehensive

and requires testing for chemical, bacteriological, and radiological

constituents before a source can be approved as a pubf ic drinking water

suppiy. However, the parameters discussed below ( public drinking water

standards are ljsted in parenthesis when applicable) provide an

adequate picture of groundwater quality for domestic, industrial and

commercial purposes. Although not discussed below, public drinking

water standards also delineate concentrations for such heavy metals as

arsen'ic (0.1 mg/l), barium (1 mg/l), cadmium (0.01 mg/]), chromium (0'05 mg/l)'

copper (1 mg/l), cyan'ide (0.2 mg/]) 'lead (0.05 mg/l), mercury (0.002 mg/l)'

s'ilver (0.05 mg/l ) and zinc (5 mg/l ). With the except'ion of copper and

ztnc, the limits ljsted abo'.'e are based on tl:c tox'icity of the various

metals and provide a reasonable safety factor for human consumption.

Groundwater qua'lity'in Roanoke County is well within the above mentioned

limits except as noted in Chapter V, Groundwater Problems.

Hardness. t,later hardness i s primari iy deri ved f rom di ssol ved cal ci um

and magnesium (although other dissolved constituents contribute to the

total hardness va1ue) and is most commonly evidenced by the amount of

soap requ'ired to produce suds which will not form until the dissolved

minerals are removed from the water. The 'insoluble Scum' recognized

as the familiar bathtub ring, that is produced is the result of the
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combining of the soap and dissolved minerals. In addition, when "hard"

water undergoes drastjc temperature changes, the calcium and magnesium

wjll precipitate in the form of a white scale and may cause problemsin

hot water heaters and lines, household appliances (e.g. coffee percolators),

industrial boilers and other devices that appreciably ra'ise water temperature.

Calcium and magnesium (or carbonate) hardness is generally the major

portion of total water hardness and may be reduced by boiling or through

household water softeners. Other dissolved elements also contribute to

water hardness and cannot be reduced by boiling, although they usually

do not present a significant prob'lem. Household water softeners can be

adapted to treat this portion of the total water hardness.

The degree of water hardness is relative between different areas

where wateris consumed. General ly speaki ng, water wi th hardness val ues

less than 50 ppm is considered soft, while values up to 150 ppm are not

uncoilunon in carbonate aquifer systems and are usualiy not objectionable

for most purposes (Johnson , lg72). Hardness values above 150 ppm become

increasingly notjceable and some sort of softening process'is commonly

util'ized for domestic and industrial purposes. Hardness values of

i00 to 150 ppm can cause considerable boiler scale and when utilized,

municjpal water supplies are genera'l1y softened to reduce these values

to about 85 ppm (Johnson , L972).

Hydrogen Ion Concentration (pH). l,leasurement of the pH of the water

gives an indication of whether the water will act as a weak acid or as

an alkaline solution. Water with a pH value below the neutral value of

seven is cons'idered acidic, while pH values above seven indicate that

the wateris slightly alkaline. Acidic water will tend to corrode

metals that come jn contact with jt (e.g., well cas'ing, pumps, water line,

etc. ).
+J



In areas with acid mine drainage, improper disposal of chemical wastes

and other activities that may pose a threat to groundwater quality,

determination of pH values may indicate contamination of groundwater.

Total Dissolved solids (500 mg/l). A generaf indication of the

water's overall suitability for many uses is given by the concentrat'ion

of total dissolved solids present. Water with concentrations less than

500 ppm total dissolved solids is generally sat'isfactory for domestic

use and for many industrial applications. Water with concentrations in

excess of 1,000 ppm total d'issolved solids is frequent'ly unsuitable for

many purposes, having a disagreeable taste and potential corrosiveness

to well screens, casing and pumping apparatus (Johnson, lgTZ)

Iron (0.3 mg/l ). Iron is contained in practical ly a'l'l water suppl ies

and when present in even small quantities, may present considerable

problems when used for domestic or industrial purposes. The limit ment'ion-

ed above is based primariiy on the suitability of the water for domestic

and industrial purposes. Excessive amounts of iron can cause problems

with staining on plumbing fixtures and during laundering, incrustations

of well apparatus and the piugging of pipes. The presence of iron in
we1l water favors the growth of iron bacteria whjch precipitates iron
jn a sheath that surrounds their bodies and can cause extreme problems

in clogging of the pores in water bearing formations, pump screens,

and plumbing fixtures. Several milligrams per l'iter of iron tend to

impart an unpleasant taste jn water.

The problem with hjgh iron concentrations is closely related to its

complex chemistry when dissolved in water. Iron disso'lved in water will

tend to precipitate as iron oxide (rust) when it comes in contact w'ith

air. In many cases, water w'ith high iron concentrations will be clean
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\.thep pui1llcrl , . 
but af tr:r the waLcr con{:s i tl ctntact wi ih .ri r', the watet' iil':iy

bccontc a I j ttl e cl orrcly as tlie i rcn bcgi ns to p:^cci p'i t.atc out of sol uti on .

After the 'iron has precipitated, a smal I anlount of rust col ored niatet'ial

may be noticeable in the bottom of a cont.ainer or,'if condit"ions permjt,

a slight.filnr will clevelop on ihe ivater'. ln cases r';here jron concentrat'ions

are low, preventing aeration of the water shou1d mir-rjni'ize the fornat'ion

of the i ron preci pi tate . lrlhen hi gh concentrati ons of i ron are pi esent '

treatment foi" removal of thjs irorr nay be the only solution, although

i t 'is general 1y di f f i cul t and cost'ly.

Manqanese (0.05 mg7ll Manganese is"very similar to 'iron in regards

to 'its behavior and occurence in grgundvrater, aithough manganese

staining is more annoying and harder to remove. Manganese-bearing waier

also favors the growth of a sl'ime-forming bacteria and may cause s'imjlar

problems with clogging of pumping apparatus while at a much lower con-

centration than iron. As is the case with'iron, preventing aeration of

the manganese-bearing water wiil riinimize the precipitation of an insoluable

manganese resj due

chloride (250 mgllL Chloride is the primary constituent of a variety

of salts; for example, common table salt is sod'ium chloride (NaCl). Higher

concentrat'ions than drjnking water standards vlilj give the water a salty

taste and the corrosjveness w'ill markedly increase' Water w'ith chlorjde

concentratjons of 500 nrg/l or hjgner will usually have a disagreeable

taste; however, stucii es i nd'icate that I i vestock such as cattl e ntay be

able to consume water with 3,000 or 4'000 ppm of chloride w'ith tro ill

affect (Johnson , lg72). High concentrations of chlogide in groundtvater

usually inciicates contamination of the aquifer by sea water (in coastal

areas), salt brjnes (cornmon in many gas and oi1 producing areas) or from
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soitre c'f nan's sLtrface acLjv;tics suclt a:; higlrwlY de icing or sait storai:e

)FAEC

Ulg-trJ-ZS-Q.-iiql-]-L Tne occurrence of sulfatc in ground''rra[er is

pri rici pa,1 1y deri ved f roni gl,psum (ca1 ci unl sul f ate ) or f rorn the oxi dati on

of pyr.ite (iron sulfjcle). 'l'he public drinking waler standard is based'

primarily, on aestlietjc ccllsi'lerat'ion. Concentra'bions as high as 750 ng/1

can be tcl erated ; ho;ever, i f manganes'iurn sul f ate (Epson Sal t) or sod'iultt

sul fate (Glauber's sai t) are present in suff-icient amounts, infrequertt

users may notice a laxative effect (Johnson, Lg72) and the r'tater vrill

Irave a bi tter taste

t.|jtrate(].0mg/]as|'|it.ogu@Theconcentration

of nitrate in groundi.rater may Vary significantly front one area to another'

and .its presence appears to be unrelated to geology. Njtrate content

in soil can be attributecl to many sources such as type of vegetative

cover (alfalfa and soy bean plants add nitrogen to the soil), use of

feri.iljzers, land disposal of sewage treatment plant effluent and slttdges'

animal wastes and septic tank fields, to mention a few' As water percolaies

throught the sojl, 'it wjll rernove the organic nitrogen present in these

wastes and ti^ansm-it it into the groundwater regime. High concentrations

of n-itrate in rvell iuater is an indicator t'hat thg water should be tested

for the liresence of [armful bacterja that cou]d a"lso have been transported

into the aquifer system fron these sources'

l.later arralyses usually indicates concentrat'ions of the nitrate ion

(l{U3) as elenrerrtal ni trogen. The pubf ic dri nki ng water standard for ni tr'ate

isestabljshecduetothepossiblet'oxicityioinfarttsfronrh.ighercon-

centratjons. Thjs toxic: effect, knolvn as cya.nos'is, causes the baby to

become 
'ljstless and dro|sy, rvith his skin tak"ing on a blue color' and may

.+o



result if water contain'ing excess'ive nitrate is used in preparat'ion of

the baby's formula. However, excess jve n'itrate 'in drjnking water does

not cause cyanosis jn adults or older children" whjle moderate

concentrat'ions of nitrate do give a pleasant taste to water.

An overall picture of general water quaiity for the three aquifer

systems described in this report is presented in Table 3. Th'is table

indicates maxjmum, minimum, and average concentrat'ions of the various

parameters listed, accordjng to aquifer system.

As previous'ly mentioned, groundwater quaf ity in Roanoke County

varies somewhat from one aquifer system to another and specific problems

can occur in each of the systems. However, groundwater quality through-

out the County is generally very good, but high hardness values are

not uncommon.

Appendix A is a detailed quality data printout for specific wel'ls

in Roanoke County for which reliabie information is availab1e. As can

be seen from Appendix A groundwater quality varies somewhat from well to

we11, however, the general water quality for each system js about

the same and because of this, a brief discuss'ion of water quaiity in

each aquifer system is presented below:

Pre-Cambrian-Cambrian Aquifer System. In Roanoke County, water from

this system is of good quality; however, isolated jnstances of unacceptable

iron concentrations have been recorded. The maximum and minimum concen-

trat'ions of iron recorded from wells'in this aquifer system are shown in

Table 3. It should be emphasized that most wells will have iron concen-

trations within acceptable lim'its and that only in unusual cases will

excessive iron be encountered.

+l
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Cambrjan-Ordov'!cjan Aqu'ifer S.vs_tem. The maiority of rock types in

this system'is limestone and dolomite which can result in very high

hardness values due to the dissolution of calcjum and mag$estum by

the groundwater. Hardness values in excess of 200 mg/l are not uncommon,

although the range is generally 100 mg/'l to i75 mg/l. Excessive amounts

of sulfate present in the water are derived from certain geologic formations

in the aqui,fer system. Notably, the Edinburg Formation (P1ate 7) contains

water that is normally higher in sulfate concentrat'ions than other members

of this system. Iron-bearing water may be encountered jn areas where

faults and fractures, pnivileged p'laces of mineraljzat'ion, are widespread.

Miss'issippian-Devonian-silurian Aqu'ifer System. This system, due to

its geo'logic history, ffidy have water which presents problems with excessive

iron, manganese and sulfate concentrat'ions. Although it is difficult to

predict if a certain well location will encounter water with these problems

it can generaliy be stated that water from this system has h'igher concen-

trations of iron, manganese and sulfate than the other aquifer systemsi.

While uncommon, occasional pockets of trapped methane gas have been en-

countered while drilling in this system. The gas'is a result of decom-

position of organic matter contained jn the shale of member format'ions

'in the system, and through folding of the bedrock, pockets of gas may

be trapped'in small cavities and ant'iclinal structures.

Alluvium, Colluvium and Terrace Deposits. From the standpoint of

qua'lity, water from these unconsol'idated depos'its is d'ifferent from

that 'in the three previousl.y described aqu'ifer svstems. lJater in

these deposits is parent to surface water as a consequence of the'ir being

hydro'log.ica1 1y connected wi th streams and r j vers . si nce these deposi ts

are on the surface of the land w'ith minjmal soil cover ( if any), the
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waten they contajn is subiect to quality problems akin to the waters of

surface streams and rivers. However, the deposits constitute a filter,
which should generally result in an improvement in the quality of

their water with respect to that of the streams and rivens. Generally,

their water is of good quality, without hardness, iron or other problems.

Man's Influenc-e on Groundwater Quality

Surface water exists in a fa'ir1y "open" system, that is, factors

jnfluencing water quality usually result in immediate detection although

the effects may vary in their degree of severity and are usually short- .

lived in a particular area because the movement and dissipation of

pollutants takes place quickly. Groundwater, however, exists in what can

be termed a "closed" system, that is'input to the system is limited by

percolation through overlying materials. Movement 'in any groundwater

area is relatively slow when compared to surface water velocities. There-

fore, when contaminants reach groundwater, the contamination is like1y

to be in that particular area for quite awhile, and become evident

after a long interval.

Detection of contaminated groundwateris not as immediately apparent

as for surface water. Man's surface activities can proceed for years

with no noticeable effects on groundwater quality and suddenly appear

as a relatively severe pollution problem. For example, an automotive

garage may d'ispose of its waste o'il by dumping it out back of the facility

for years , w'i th no groundwater qual i ty probl ems ev'ident. However, i t may

take years for the o'il to slowly percolate down through the overlying soil

cover and through the bedrock, to appear, quite suddenly, in a neighbor's

wel j. When someth'ing like this occurs, 'it 'is very difficult, if not

impossible, to correct the situation.



Man's activ'ities may result in a much swifter impajrment of ground-

water quality than the above exampie and practically all of them have the

potent'ia1 for adverse]y affecti ng groundwater qual i ty. In carbonate

areas, sinkholes provide and solution cavities permit easy access and

rapi d transmi ss'ion of contami nants i n the groundwater reg'ime. poorly

constructed water wells are another means for rapid contamination of
groundwater by permitting surface water to flow down the well casinq

and into the groundwater regime

Subsurface disposal of storm water run-off, such as used in the

lriilliamson Road area of Roanoke City, may cause groundwater contamination

problems due to the pollutants that are picked up by the water prior to
i ts d'isposal .

The capac'ity of soils for filtering and treating waste products

generated by man is generally good; however, if careful consideration

is not given to the planning, design and construction of land disposal

areas, ground water contamination may result. Sanitary landfills,
chemical waste disposal areas, sludge d.isposal areas, and land application

of sewage treatment plant effluents, to mention a few, al1 require adequate

planning, design and operation to assure that groundwater quality in the

area 'is maintained. Many cases throughout the country have been documented

where groundwater contamination has been detected 25 to 50 years after a

land disposai site has been abandoned. Experience has shown that with

present technology, rehabilitation of contaminated aquifers is physically

di ff i cul t and monetari 1y expens'ive.

In addition to land disposal of wastes, other surface activ'it'ies can

seriously effect groundwater quality in a particular area. The improper

or excess j ve use of fert j I'izers, pest'icides, herbicides and I arvaecides,
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deicing saits or acc'idental spilling of petroleum products have a severe

and long lasting potential for groundwater contamination. It must be

recogn'ized that prevention of groundwater contaminat'ion is the key to

maintain'ing groundwater quaf ity and that rehab-if itation of contaminated

ground water resources'is very difficult, if not impossible, to attain.

In Roanoke County, a few isolated areas have been identified as

having specific groundwater quality problems associated with man's

act'ivit'ies. These areas are discussed in Chapter V , Groundwater

Problems. Although not much can be done to remedy the present situations,

it should be recognized that these problem areas have resulted in man's

indifferent attitude tovlards his environment and the natural resources

at his disposal. Groundwater most definitely should be considered

as a valuable natural resource to be protected and conserved so that

the best usage of it remains possible. Hopefully, these contaminated

groundwater areas will serve as lessons to what damage can be done to

thjs delicate natural resource if adequate protection, development and

management measures are not implemented.



CHAPTER V

GROUNDWATER PROBLEMS

Introducti on

l,lith few exceptions, groundwaterin Roanoke county can provide a

relatively abundant and trouble-free source of high quality water for

most purposes. The previous chapter provides a generalized discussion

of groundwater quaiity variance in Roanoke county. Aithough general

groundwater quality differences exist between the three previously

d'iscussed aquifer systems, isolated problems with groundwater have

been defined in the County. Though not extensive jn their distribution,

some of these problems discussed below can have severe consequences in

specific areas of the County. Solutions to specific groundwater problems

can be dev'ised; however, jt must be remembered that , in most cases, these

sol utions are diff icul t and expensive to implement, especia'l]y those

relative to groundwater contamination, and that prevention js the best

remedy.

Water Level s

A water well jn an aquiferis analogous to a straw in a glass of

water, except that the glass of water does not receive any recharge, and

the aquifer does. As water is removed through the straw, the water level

in the glass declines, untjl the glass is empty. However, if the g'lass

were supplied with a flow of water equal to the rate of withdrawal from

the straw, the water level in the glass would remain the same. A similar

situat'ion is present in an aquifer system with a well withdrawing water

from it. If the withdrawal rate 'is equal to or less than the recharge

to the aquifer, the water level in the aquifer will remain the same,
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a'lthough a cone of depression may be developed in the immediate area of

the well because the permeability of the rock will not permit an

instantaneous flow of water to the well.

When wells or well fields are pumped jn excess of the recharge rate

to an aquifer system, the water level in that system will decline, tending

toward depletion of the groundwater suppiy. In areas where groundwater

supplies an excessive portion of the total water use, a gradual lowering

of water levels may result'invo'lving high costs of pump.ing,land surface

subsidence and other negative effects. This is not the case in Roanoke

County because groundwater suoplies only about 33 percent of the total

water demand; however, localized water level decline may be present in

specific areas of the County where groundwater usage is quite high. As

future water demand is supplied by groundwater, proper development and

management of wells and welj fields must be employed to prevent de-

watering of aquifer systems and to insure conservation of groundwater

and its usage under optimai conditions.

Po'l I ut'ion

Inadequate well construction is perhaps the most common factor in

groundwater contaminatjon. Usually, the contamination is localized

and is the result of polluted surface water flow'ing down the sides of

the well casing and entering the groundwater. Pollution of groundwater

by bacteria can be attributed to poor we'li construction in some cases and,

a'lthough easy to treat by chlorination, some expense and inconven'ience

is experienced by the user. If wells are properly constructed (i.e., use

of suffic'ient grouting and adequate well casing), contamination of the

groundwater supply by polluted surface water entering along the we'I1

casing will be minimized. Subsurface disposal by septic tank fields and
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pit privies is the most common waste treatment method emp'loyed in rural

areas, and care must be taken ts assure that adequate soji depth and

characteristics are present to sufficientJy treat these wastes and thus

avoid groundwater contamination, and that wells are far from septic

tanks, privies and other waste disposal facilit'ies

Many of man's surface activit'ies have the potential for severe and

l ong-term groundwater contam'inati on. Sept'i c tanks , sani tary 'l andf i I I s '

open chemical storage centers, highway deicing activit'ies, sludge disposal

areas, jndustyial waste disposal areas, and most any other activity

where toxicants are placed on the land surface have the potentiai for

groundwater contamination. In most cases, contamination of the groundwater

is not immediate, but rather has a'long incubation period before detect'ion

and, once discovered, may continue for long periods of time. 0n1y by

implementation of preventive measures, including proper construction

techniques and operational controls, can groundwater quality be assured.

In Roanoke County, a few isolated cases of contaminated groundwater

have been documented and are presented below (Plate 11). In add'ition,

the problem of subsidence due to excess'ive ground water withdrawal and

one of subsjdence due to localized groundwater recharge are ment'ioned.

Starkey Road Area, S,outh Roanoke. Several cases of groundwater

contamination due to hydrocarbons have been documented in this area.

In any area where gasof ine and o'il storage and dfstrjbut'ion facil jties

are present, contaminat'ion of the groundwater by these substances 'is

possible. Either by spills or sloppy filling operat'ions, these hydrocarbons

will soak into the ground and fjnd their y1ay to the groundwater regime'

l^lhen this s'ituation results, removal of o'il-soaked soil may cut off the

source of further contam'ination but rehabil'itation of the polluted aquifer
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is extnemely difficult. Aga'in, proper planning, construct'ion, operation

and spi11 contingency procedures need to be developed for these facilit'ies

to prevent groundwater contamination.

Big Hill Area, Southwest Roanoke County. Chromium contamination 'in

this area has been documented in four wells and concentrations up to 7.9

ppm have been recorded wh'ich is about 160 times the publjc drinking water

level of 0.05 ppm. Spi'llage of chromium plating solution on the land

surface has resulted in this toxic material reaching the groundwater

reg'ime via a sinkhole. Al though el imination of the discharge wi'11 pre-

vent further contamination, rehab'ilitation of the affected aquifer will
be very difficult to attain.

lrlilliamson Road Area, Ngrtheast Cil.v of Roanoke. The City of

Roanoke currentiy uses approximalely 120 wells for the d'isposal of storm

water runoff. -Although the actual effect of the runoff water on the

groundwater quality has not been determ'ined, localized subsidence does

present a problem. The artifical recharge of the groundwaterin that

area has resulted'in a "washing out" effect,of the subsurface soils and,

consequently, subsidence has occurred causing structural damage to

buildings and roadways and in one case, being responsible for breakage

of a sanitary sewer l'ine which introduced raw sewage jnto the subsurface

environment. This 'introduction of storm water runoff and associated

contaminants could have severe effects on the qulaity of groundwater in

the area.

City of Salem. Reports have been rece'ived of localized subsidence

'in the southeastern sections of Sa'lem, probably resulting from high

industrial w'ithdrawal rates. Groundwater users which require large

volumes of water, es.pecially if obtained from one or two high capacity
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wells, fidV cause extensive cones of depression, aquifer dewatering and

I ocal i zed subsi dence. Sol ut'ions to this parti cul ar ki nd of probl em are

relatively simple and woujd'include the subst'itution of several low-

capacity well fields, rather than one or two high-capacity wells to

meet the user's needs. If withdrawal were terminated, water levels

should climb back to. their previous levels, however, the areas of

subs'idence would remain at the'ir current elevation and would not return

to their pre-subsidence elevation.

South Roanoke County, Starkey Area. A few instances of high nitrate

concentrations have been recorded from wells in this area. One or two

recorded cases have nitrate levels above the drjnk'ing water limits pre-

vious'ly discussed, aithough several wells have been tested with nitrate

levels above the averages for the Pre-Cambrian-Cambrian and Cambrian-

0rdovician Aquifer Systems.

Sanitary Landfills. Several sanitary landfills are operated in

Roanoke County and observation wells located at these sites 'indica'te

some localized groundwater contamination at two operations (Plate 11).

Sanitary landfii'ls provide a needed and useful service to the community

and 'it 'is through adequate planning and operat'ion that groundwater

contamination will be prevented. Prior to strict Federal and State

regu'lations, disposal of solid waste was undertaken primarily as an

open dump, w'ith I itt1e or no precautions to minimize environmenta'l impact.

Since promulgation of sanitary landfill regulations, emphasis has been

placed on al1 phases of the landfi ll operation to m'inim'ize the impact

of such operatjons on the environment in regand to both surface and

groundwater resources.
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In conclusion, one invariably comes back to the fact that prevention

of groundwater contamination is the key to maintain'ing groundwater quality.

0n1y by preventing contaminants from reaching the groundwater regime can

the high quaf ity of groundwater in Roanoke County be maintained.

The curent state of technology, as advanced as it'is in some areas, is

insufficient to realist'ically and economicaily address the probiem of

aqu'ifer rehabi I i tati on once contam'i nati on has taken p1ace. Al though

some groundwater contamination problems are easier to. address than others,

the basic fact remains that once this valuable resource has been defiled,

it is difficult and expensive to restore it to its uncontaminated state.





CHAPTER VI

GROUNDWATER POTENTIAL AND DTVELOPMENT

I ntroducti on

Until recently, groundwater has been considered as a temporary, or

at best, a secondary source of water for meet'ing the needs of Roanoke

County. However, with the extremely high development cost for surface

water suppljes and the treatment thereof, groundwater has recejved

nat'ional attention as a Source for meeting an increasing percentage

of the country's future water needs. Two positive reasons come to mind:

(1 ) development and treatment costs are approximately five to ten t'imes

and three to five times, respectivelyrless for groundwater'than for

surface water; and, (2) greater than 90 percent of the potabie water

is underground. l'I'ith these and other factors in m'ind, it would seem

appropriate for water users in Roanoke County to consider the County's

groundwater potential w'ith the fo'l'lowing points in m'ind: (1) hlhat

potent'ial does groundwater have in meet'ing the water needs of the County?;

(2) Is the groundwater a reliable source of water for the County's future

needs?; and, (3) Is the present trend of abandoning existing wells and

replacing them with surface water supplies the right d'irection for the

County to move in meeting its water needs? These factors and others

should be considered when evaluating a given area for a water supply.

Groundwater Potential

When eval uati ng ,t,he groundwater potenti a'l or avai l ab'i I 'i ty of a gi ven

area, a number of factors wh'ich control how much groundwater can be

safely withdrawn from a particular aquifer should be studied. In Chapter

IIi, three major aquifer systems were identified in the County (P1ate 9).
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The Pre-Cambrian-Cambrian aquifer system (P66-AS) , located in the

eastern and southeastern portions of the County, has a wide variety of

production capabilities ranging from 1 gpm to 150 gpm (Table 4). 0f

the wells which had data available, the average yield from the PCC-AS js

approximately 38 gpm. However, this data is somewhat biased from the

true picture. Approximately 25 percent of the wells for which data

was available, were domest'ic wells. In the case of domestic weljs,

when enough water has been found to supply the particular home involved

(generally 1.5 to 6 gpm) the drjlling 'is terminated. Therefore, the

true product'ion capabi I i ti es are not determ'i ned. Another f actor whi ch

has to enter into theanalysis of this data is that most wells are

located where they are for conven'ience sake and not with respect to

obtaining a certain yie1d, while wells drjlled along fracture traces

and fault zones will have much larger yields than wells in other parts

of the system.

Aquifer Systems

P66.AS *

CO-AS A

MDS.AS t
TOTAL

TABLE 4

WELL YIELDS FOR AQUIFER SYSTEMS

IN ROANOKE COUNTY

Number of Range of Average
l,lells Yield Yield

(gpm) (gpm)

30 1 to 150 38

L72 1 to 1,160 105

6 8t050 22

Est'imated
Pumpage

(MGD)

1.34

8.7 5

.15

t0.24

* Precambrian-Cambri an-Aqui fer System
I Cambri an-Ordovi ci an-Aqui fer System
t M'i ss'i ssippian-Devonjan-Si 1 urian-Aqu'i fer System

Source: Virg'inia State Water Control Board-WCR0
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The cambrian-0rdovician Aquifer system (60-A5, plate 9), comprises

the Roanoke Valley and Catawba Va11ey portions of the County. Approximately

70 percent of the groundwater used in the County is taken from this system.

l,lells drilled in this system are producing from 1to 1,160 gpm (Table 4)

and range of production is primarily due to the variety of water needs.

For example, industrial users who require'large quantities of water have

located wells in the high production zones of the system. Data taken

from L72 wells located in the g0-AS shows an average.yie'ld of 105 gpm.

Plate 9 shows that the high yield wells are located along well-defined

fractures or al ong major faul t zones. These zones of broken rock can be

located by using various techniques wh'ich are discussed later in this

chapter.

The Mississipp"ian-Devonian-silurian Aquifer System (MDS-AS) underl ies

most of the western portion of the County (P1ate 9), which'is sparsely

populated, and consequently, data is somewhat limited as to the ground-

water availability (Table 4). The average yield from this system i's

22 gpn with the highest recorded yield of 50 gpm. hlith most of the

data coming from domestic supplies, this informat"ion is somewhat skewed

to the low side and does not accurately represent a true picture of

groundwater potential in this system. l^lells located with reference to

obta'ining iarge quantities of water, such as industry would require, give

a more complete picture of the availability of groundwater in this area.

Groundwater Deve I opment

In the fjrst portion of this Chapter, groundwater availability or

potential with respect to each of the three aquifer systems has been dis-

cussed. However, to obtain the full potential from an aqu'ifer' proper

development w'ith respect to exploration, conservat'ion, protection must
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be done, and appropriate management of the resource achieved.

The first step in correctly developing an aquifer is to find the

needed quantity and quality of water. Appendix B is a water well data

summary printout for selected wells in Roanoke County. This printout

can provide the reader with information on well depth, casing s'ize,

static water level, yield and water bearing zones. Locations of specific

water we'lls are'indicated by The Virginia P'lanar Coordinate System if
the number two precedes the coordinate or by lattitude and longitude

coordinates is these numbers are preceded by an asterisk("). Both

lattitude and longitude and Virginia Planar Coordinates are indicated

on U.S.G.S.7.5'Topographic Maps and further information on the use of

these coordinate systems may be obtained frorn the Virginia Division of

Mineral Resources or the State Water Control Board.

Water well site selection may be accompiished by different methods

or be the result of the combination of various modes of investigation.

Hydrogeologists utilize topographic and geo'logic maps and interpretation

of aerial photographs in combination with'field investigation. In many

instances, the water well driller may have sufficient experience in a

particular area to find a suitable well site for domestic purposes.

However, users requiring hi:gh yie'lds should obtain professional consult-

at'ion or investigate the feasibility of exploratory drilling prior to

committing themselves to a particular well location.

There are many different water needs ranging from sing'le home

dwellings to large'industrial users. Cormnonly, they are broken down

into three categories: Domestic, Public and Industrial.

Domestic Supplies. Domestic supplies or private systems are those

which have less than 15 connections or less than 25 peop'le on a single
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well (Virginia Department of Health). This type of system includes most

all of the rural areas of the county. For a singie home dwelling, one

conrnonly needs at least 1.5 to 2 gpm to have a reliable water supply and

the State Department of Health should be contacted as for water potability.

After property is acquired, the first thing a citizen should do js obtain

a water suppiy before any construction starts. There have been many cases,

primarily in the Lost Mountain area of southwest County and the western

part of the County (Plate l), where water was riot found because the well

location was selected for convenience sake and not in consideration of

hydrogeologic factors.

PuFlic Supplies. A public system defined by.the Virginia'Department

of Health includes all wells which have 15 or more connections or 25 or

more people on one well. In Roanoke county approximately 100 public

systems are supplying approximately 7,440,000 gpd to about 41,33s citizens

or about 25 percent of the Roanoke Metropolitan Area population (Table 5).

Table 5 also has the percent of groundwater withdrawn for pub'lic supply

systems from the various aquifer systems (Rlate 9) and it is evident

that the €O-AS supplies a major portion of the water. This is primariiy

because the most denseiy populated areas lie over th'is aquifer system.

The other systems, especially the P66-AS, have the potentia'l of supplying

much more water than is portrayed in the table. In developing pub'lic

systems, the groundwater potential needs to be explored prior to 1ayjng

out a subdivision, and the State Department of Health shall be contacted

as for water potability. If it is apparent, after invest'igation has

taken p'lacen that the water system will have to be placed in the lower

topograph'ic area, enough area should be set aside to assure protect'ion

from septic tank drainage and surface runoff. Also, one should consider
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develop'ing a well field which ut'ilizes three to four wells spaced at

regular intervals (usuaily 200 to 400 feet apart) to allow the most

efficient potentia'l to be devejoped. In the actual construct'ion of

the wells, the djameter of the we]l could be increased from the typical

six inches to LZ or 16 inches. This has been done in other parts of

the United States with sim'ilar geologic conditions with a great degree

of success.

TABLE 5

GROUNDWATER USAGE FOR PUBLIC SUPPLY SYSTEMS
IN ROANOKE COUNTY

Owner

Roanoke County
Publ ic Service
Authori ty

Roanoke City,
Crystal Springs

Other Publ ic
Systems

TOTAL

Average
Usage, GPD

3 ,240,000

3 ,200,000

1,000,000

7 ,440,000

Percent l,Iithdrawal
Population From Each Aquifer System*

Served For Public Suppljes

18 ,000

77 ,777

5 ,555

41,334

MDS-AS 2

60-A5 80

P66.AS 18

100

*All symbols explanation on Table 4

Sources: 1. Roanoke County Public Service Authority
2. Comprehensive Water, Sewer and Storm Drainage

Faci l 'i t'ies Pi an , Vo'l . 1 , I97I
3. Virginia State Water Control Board - WCR0

Industrial Suppl'ies. Data taken from Virginia State Water Control

Board files indicates that there are at'least 15 industrial users of

groundwatelin Roanoke County. The largest users are withdrawing approx-

imate'ly 8,000,000 gpd with a total combined groundwater withdrawal of

2.8 million ga'l'lons per day (MGD). All of this production js being

withdrawn from the Cambrian-Ordovican Aquifer System (€0-AS, Plate 9).



Most of the large users are located along major tributaries and are in

very close prox'imity to the maior fault zones of the aquifer systems,

and it is no accident that the industries are located along these high

product'ion zones. It 'is apparent that some of the companies had

detailed'invest'igations made of the Roanoke area to locate zones of

high groundwater potential prior to construction of facilities.

Area of Hiqh Groundwater Potential

Plate 9, in addition to delineating the aquifer systems, shows areas

where high yields of groundwater can be obtained. These areas are dis-

cussed'in the section on industrial use and are located a]ong major

fault zones and fracture traces. Surface streams, when establishing their

courses, naturally take the least zone of resistance and consequently

streams generally flow along zones of weaker material which in many cases'
').

co'incide wi.th fault zones and fracture traces.
.r''in 

developing these areas of h'igh potent'ial, some preliminary investi-

gat'ion and expioratory drilling w'ith small d'iameter holes should be con-

ducted to determine the area of best potential. After areas of high

potential have been delineated it should be determ'ined whether a well

field consisting of several wells should be installed to supply the water

needs rather than relying on the custornary practice of utilizing one or

two high capacity wells to supply the required amount of water.
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CHAPTER ViI

FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

Findings

This report has provided a generaiized picture of the groundwater 
:

resources of Roanoke County and discusses the factors influencing

its qual'ity, occurrence, availabil'ity, potential and deve'lopment. Al-

though this report has centered on the man'ifold aspects of groundwater,

it should be noted that a direct relat'ionship exists between surface

water and groundwater resources, because some water that occurs on the

surface will eventually become groundwater and v'ice versa. Surface

water provides recharge to the groundwater regime, and during periods

of low surface water flows, groundwater sustains surface water streams'

Therefore, the int'imate relationship between groundwater and surface

water must be recognized and considered when evaluating the water resources

of Roanoke County.

Current data on f ile with State agencies 'indicate that groundwater

in Roanoke County has been utilized in small proport'ion to its potential'

and that future water needs can be met by the abundant, high quality

groundwater of the County (however, hardness and iron problems happen to occur).

Many of the geologic formations'in the County have similar hydrologic

characteristics, and thusly, the formations were grouped into three major

aquifer systems: (1) the Pre-cambrian-cambrian Aquifer system (P6g-AS)

is located along the southern and extreme eastern portions of the County.

The water-bearjng properties vary from poor to good depending on whether

a well is iocated aiong faults and fractures where good yields are obtained.

l,,later quaiity is excellent except for sparse areas of high iron and manganese;
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(2) the Cambrian-Ordovician Aquifer System (S0-AS) forms the major

valley areas in the County. The water-bearing properties are good to

excellent. This aquifer system is the most productive in the County,

and the quality of water in this system'is general]y excellent; and

(3) the Mississ'ippian-Devonian-S'i lurian Aquifer System (MDS-AS)'is

found in the western portion of the County. Fair to good water yields

are available in the va11eys, poor conditions on the higher ridges. High

'iron and suiphur concentrations can be found in certa.in areas.

Groundwater development in Roanoke County in the past few years has

been on the rise. At present, approximate'ly 10.5 m'ill'ion gallons per day

of groundwater is being withdrawn for public and'industrial uses primari'ly

from the Cambrian-0rdovician Aquifer System. This figure does not include

the private wells (dornestic users). Most important 'in developing the

present and future groundwater needs in the County'is the nealizat'ion that

groundwater is a delicate and vulnerable resburce which deserves adequate

protection, conservation and management if it js to fullfil its potential

as an abundant, high quality and economical water supply.

Man's activities (such as m'ining, waste inject'ion, septic tank disposal

of wastes, landfills, land appiication of wastes, storm water disposal

wells, and the l'ike) can have a severe effect on groundwater since wastes

are being or have the potential of being''introduced to the subsurface

w'i th subsequent contami nat'ion of groundwater, wh'ich i s especi a1 
'ly di ff l cul t

and expensive to restore. Some cases of groundwater contamination have

been docurnented'in the County, as well as problems of land subsidence.

Concl usions

The potential for additional groundwater development is excellent

'in Roanoke County. It is conservative'ly estimated that a safe yie'ld of
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an additional 50 to 60 million gallons per day could be withdrawn under

a properly managed program with min'imal effects on the aquifer systems.

Large groundwater potentia'l areas are present in Roanoke County for

future industrial and municipai growth.

Recommendati ons

tlhen planners and government officials are addressing land use in

Roanoke County, consideration should be given to maintaining open areas

that are de1ineated as groundwater recharge zones. tirese areas could

be utilized for recreat'ional activ'ities similar to current practices

for watershMs for surface water reservoirs.

A comprehensive water management program, addressing both ground-

water and surface water, shoujd be formulated. A method of achieving

this totai management program would be through the formulation of a

management board comprised of representatives of the four loca'l ent'it'ies.

After all, the separate governmental boundaries are not related to either

surface or groundwater regimes.

Groundwater needs to be recognized as a valuable natural resource and

accurate stud'ies conducted to obtain optimum utilizat'ion of thjs resource.

For example, w'ith accurate investigation,'large weil fields located in

high groundwater potentiai areas could be constructed to supply a significant

port'ion of the industrial and municipal growth.

Subdivisions and mult'iple-unit housing developments should have

cormunity services that provide central sewerage with development of

groundwater for individual or community supplies. At the present time,

central water supplies are stressed with individual household sewage

disposal being accomplished thiough sept'ic tank fields. This leaves

71



groundwater open to contamination by inadequately or improperly installed

djsposal systems. The potential for groundwater contamjnation could be

greatly reduced or eliminated if central sewerage service were the

primary service offered by the developers.



APPENDIX A

SUMMARY OF GROUNDWATER QUALITY ANALYSES FOR ROANOKE COUNTY

The computer printout on the following pages lists bas'ic aroundwater
quality data available for many of the wells l1sted in the water well data

summary (Appendix B). There are some quality analyses listed for wells not

included in Appendix B; however, well data is available for these wells
and may be obtained by contacting the State Water Control Board,s West

Central Regional 0ffice in Roanoke or the Headquarters 0ffice in Richmond.
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APPENDIX B

SUMfvIARY OF WATER I,{ELL DATA FOR ROANOKE COUNTY

The computer printout on the fol'low'ing pages lists basic we'll data

for wells in Roanoke county. This printout is updated frequently to

include information from new lrlater Uell Completion Reports which are

constantly being submitted by water well drillers. The information under

the heading "Aquifer" may be cross-referenced with Tab'le 2, chapter III.
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Al I uvi um

Anticl ine

Aquiclude

Aquifer

Aquifer Systen

Artesian I'lel I

Bedding Plane

Bedrock

Breccia

Carbonate Rock

Clastic Rock

GLOSSARY

A general term for sediments deposited in recent
geological time by a stream or other body of water.

An upfold of layered rocks in the fonn of an arch
and having the oldest strata in the center. The
reverse of a syncline.

A geo'logic formation, group of formations or part
of formations that does not have enough permeability
to supply appreciable quantities of water.

A geologic formation, group of formations or part
of formations that is capable of supplying water
to wells in usab'le quantities. An aquifer is
unconfined (watgr table cond'itions), or confined
(artesian conditions) depending on whether the
groundwater level is at ailnospheric pressure, or
greater than atmospheric pressure due to the
presence of an over'lying confin'ing geologic formation
(aquiclude).

A gr:oup of inter-related aquifers

A well in which the water rises under artesian
pressure above the top of the aquifer the well
penetrates, but does not necessariiy reach the
land surface.

The diversion plane in sedimentary or stratified
rocks which separates the individual 'layers, beds
or strata.

Any solid rocks exposed at the surface or overlain
by unconsolidated materials..

General tenn for a rock of any origin containing
angular particles,

A rock consisting chiefly of carbonate minerals;
such as limestone, dolomite.

A consol idated sedimentary rock composed of
broken fragments that are derived from pre-existing
rocks, €.g. sandstone, conglomerate, or sha'le, etc.

Loose soil material and/or rock fragments deposited
by the act'ion of gravity, usually at the base of a
slope or cliff.

Col I uvium
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Consol idated

Cross-Section

Dip

Dol omi te

Drawdown

Evapotranspi rat'ion

Faul t

Fissile

Flood Plain

Fol d

Formation

Fracture

Granite

Groundwater

Igneous Rocks

Infi 1 tration

A rock that is firm and rigid in nature due to
the natural interlocking and/or cementation of
its mineral grain components. The reverse is
unconsol i dated.

A diagram or drawing that shows features transected
by a given plane; e.g. geologic feature such as
geologic structure.

The ang'le at which a rockbed is inclined from the
horizontal.

A sedimentary rock composed of calcium and magnesium
carbonate.

The difference between static level and pumping
level in a well, i.e. the drop in the water level
due to pumping.

The process by which surface water, soils and piants
release water vapor to the air.

A fracture or fracture zone along which there has
been movement of two rock masses relative to one
another parallel to the fracture. The movement
may be a few inches or many miles, horizontal or
v'ertical .

An adjective describing rocks that split along
closely spaced parting planes.

The strip of relatively smooth land adjacent to a
river channel and bui'lt of alluvium carried by the
river during floods. The flood plain is covered by
water when the river is in flood.

A bend in the rock strata.

A un'it of geo'logic mapping consisting of some one
kind of rock.

Break 'in rocks.

A coarse-grained igneous rock consisting of feldspar,
quartz, and other minerals.

Water below the water table, i.e. in the zone of
saturati on .

Rocks formed by solidification of deep-seated molten
sil icate materials.

The flow of water through the soil surface into the
ground.
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Joi nt

Karst

Limestone

Li thol ogy

Metamorphic Rocks

Permeabil ity

Porosity

Potentiometric
Surface

Quartzite

Recharge

Runoff

Sandstone

Schi st

A fracture in rock along which no appreciable
move.rnent has occurred. Joints are general'ly
perpendicular to bedding p'lanes.

A tenain, generally underlain by limestone in
which the topography is chiefly formed by the
dissolution of rock and which is cormonly
characterized by closed depressions (sinkholes)
and caves.

A sedimentary rock consisting predominately of
calcium carbonate.

The composition and structure of rock. Adjective:
Lithologic I

Rocks formed within the earth crust by the
transformation of a pre-existing rock in the
solid state without fusion and without addition
of new material, as a result of high temperatures,
high pressures, or both.

The capacity of a rock or soi'l for transmitt'ing
water.

The spaces or voids in rock and soil materials
usually expressed as a percehtage'of the material.

The level to which groundwater rises in a well or
an aquifer (in a water tab'le or unconfined aquifer,
it is the water table; in an artesian or confined
aquifern it is the piezometric surface, also called
artesian head: water level above the top of the
penetrated aquifer).

A very hard but unmetamorphosed sandstone.

The addition of water to an aquifer by natural
infiltration or art'ificial means.

That part of precipitation that appears in surface
streams.

Sedimentary rock consisting predominately of
sand-size particles.

A well-foliated metamorphic rock in which the
component f'laky materials (mica) are distinctly
vi si bl e.

Refers to rocks formed from the consolidation of
layered sed'iments that have accumulated in water.

Sedimentary Rocks
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Si nkhol e

Slate

Structure

Subsidence

Syncl ine

Terrace Deposits

Topography

Water Table

I'later l'lel l

A funnel-shaped depression in the land surface, usually
in a'limestone region, developed by dissolving action
of water and usually connected with underly'ing solution
channels or cavities.

A metamorphic rock formed by the metamorphism of shale.

The general disposition, attitude, arrangement, or
relative positions of the rock masses of a region
dr area, also refered to as "structural geology".

A loca'l mass movement that involves princjpally the
gradual downward settling or sinking of the earth's
surface.

A downfold with troughlike forms and having youngest
rock in the center.

Deposits of al]uvium (sand, gravel, cobble or clay)
which occurs along the margin and above the level of
a body of water, marking a former water level.

The re'lief and form of a land surface.

The upper surface of the zone of saturation. The
surface in water table aquifer at which the
water level stands

An artificial excavation (pit, hole, tunnel)
genelally cylindrical in form and often walled
in, sunk- (drilled, dug, driven, bored, ietted) into
the ground to such a depth as to penetrate water-
yie'lding rock and to allow water to flow or to be
pumped to the surface.
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